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ABSTRACT 

This packet contains six science learning activities 
that can be used in agricultural education courses. The activities 
cover these topics: (1) determining the effects of soil drainage on 
plant growth and development; (2) determining the effect of soil 
compaction on plant growth and development; (3) inoculating legume 
seeds to promote nodule formation; (4) propagating plants; (5) 
determining the effects of rhizobium japonicum and nitrogen 
fertilizer on nodulation and plant growth; and (6) determining 
effects of frost/hail damage on plant growth. The lesson plans for 
the activities consist of the following elements: agricultural 
subjects and science principles included in the lesson, agricultural 
applications, student objectives, activity length, group size, 
vocabulary, materials required, instructional strategies and 
procedures (overview ana results), key questions, and evaluation. One 
to three references are given for each activity, and each includes a 
data record and observation sheet. (KC) 
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Agricultural 
Subjects 

■ Plant Science and Soil Science 



Activity Length 

■ Pour weeks arc required to 
grow pianLs. 



Group Size 

■ This acliviiy can be conducted 
with an entire ckiss or small groups 
(2 to 3 students) . 



Science Principles 



■ Soil drainage: water move- 
ment can be controlled by natural 
or artificial means. 

■ Oxygen use: plants require 
proper ainounls of oxygen for good 
plant growth and root system 
development. Improper drainage 
can alter tins process. 



; Agricultural 
Application 

■ Cix)p growth and pnxiuction are 
affected by soil drainage. Often 
natural drainage is inadequate and 
artificial drainage systems must be 
installed. If an artificial drainage 
system ~ such as tile ~ is correctly 

I installed and maintained, crop 
growth and production increase. 

■ Also» when projxiriy drained, fields 
become accessible earlier in the 
planting season. Therefore, agricul- 
ture students need a basic under 
standing of soil drainage principles 
in order to recogni/e and correct 
any drainage problems they may 
encounter. 
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DEMONSTRATION 

Agricultural Education Science Activity - No. PS- 1 



Determining the Effects of 
Soil Drainage on Plant 
Growth and Development 



Student Objective 

■ To determine the effects of soil drainage on plant growth and root 
system devclopm.cnt. 



Vocabulary 

drainage soil aeration 

water table field capacity 

gravitationtU water wilting point 



Materials Required 

L Two one-quart potting containers (One with drainage hole open, one 
with drainage hole blocked) 

2. Fertile potting soil 

3. Common field crop seeds (e.g., com or soybeans) 

4. Graduated watering conliiiner 

5. Access to greenhouse or similar facility providing proper growing 
conditions (e.g., adequate light, humidity, and temperature) 



Instructional Strategies 
and Procedures 

■ Overview: Pliuit seeds in two jxitting conliiiiiers: one with draiiutge, one 
witliout. Place aich container in an area with proi)er growing conditi(uis. 
Water tlie conuiiners regularly. Allow the plants to grow for four weeks. At 
this time observe the plant growth and root system tlevelopment ol all 
plants. Rec-oRl observations. Discuss how soil drainage affcxls plant growili 
and rcK)t system development. 



page 2 

Instructional Strategies 
and Procedures 

(continued) 

1. Fill polling conlaincr 1 wilh soil. Block ihc drainage hole in 
container 2 and aLso Till with soil. 

2. Plant 5 10 10 seeds (of the same type) in each container ai the same 
depth and spacing. 

3. Water container 1 until water (lows through the drainage hole. Note 
the amount of water used. 

4. Water container 2 using the same amount of water applied to 
container 1. 

5. Place both containers in a gcxxl growing location. 

; 6. Using steps 3 and 4 as a guide, water ciich container as ra]uired for 
optimum growth. 

j 7. As plants grow during the next four weeks, thin them according to 
i the si/c of the potting containers. 

J 8. At the end of four weeks gently remove the plants from both 
containers. Carefully wash the soil from the roots. Compiu-e plant 
growth and root system development. Note your observations on 
page 3. 

■ Results: In a few weeks you will note differences in the si/e, color, 
I and vigor of the plants in tlie two potting containers. Plants require 

ade(iuatc amounts of water arul oxygen for good growth. Since the plants 
i in container 1 had adequate driiinage, they rxeivcd proper amounts of 
I oxygen from the soil. Therefore, ^ese plants show better growth and 
: root system development (sec Figure 1). On the other hand, the plants in 
: container 2 did not receive adequate drainage or oxygen from the soil. 
I lliis accounts for their small size and poor root system development (sec 
I Figure 2). 

i 

Key Questions 

1. Since viewing this demonstration, what do you think arc possible 
benefits of artificial drainage? 

2. What causes wet soils? 

3. How docs moisture affect root system development? 

4. How can drainage tile correct what nature has failed to do? 

Evaluation 

; ■ Ask students to draw conclusions biiscd on what they have observed. 
Relate observations to field conditions and Uieir effect on crop yield. 

• Bibliography 

i Donahue, R.L., el. al. Our Soils and Their Management, 6lli al. 
' Danville, IL: IniersUUe Printers, 1990 
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Container 1 




I 

drainage hote 6 open I 

i 

Figure V This plant had ao.*>quate drainage j 
and shows good plant growth and root I 
system devetoprr^nt. * 

■ -.. - i 

i 

Container 2 

i 




drairxjge hole is blcx:ked 



Figure 2. plant hod irxxifx^iote drnincjge 
arid shows poor plant growth and root 
system devetoprmnt. 
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DATA RECORD AND OBSERVATION SHEET 



Name. 



Date 



Period. 



Determining the Effects of Soil Drainage on 
Plant Growtti and Development 



Objective 



Procedure 



Observations and Results 



Conclusions 



Agricultural 
Subjects 

■ Plant Science 

■ Soil Science 



Activity Length 

■ One class period is required for 
sci-up; four lo six weeks are 
rajuired for growing plants. During 
this lime the plants are to be 
maintained (watered and thinned). 



Group Size 

■ This activity can be conducted 
with an entire class or small 
groups. 



Science Principle 



DKMONSTRATION 

Agricultural Education Science Activity - No. PS-2 



■ (irowlh restriction* A typiciil 
soil sample is 45 percent mineral 
iTiaiier, 5 percent organic matter, 25 
percent air space, and 25 percent 
water. Soil compaction causes the 
air and water content to decrease; 
thus, restricting plant growth and 
root system development. 



Agricultural 
Application 

■ New farm equipment is larger 
and heavier than equipment used in 
the past. Consequently, as fanners 
use this new equipment more 
frequently in their fields, soil 
compaction increases. In turn, 
increased soil compaction reduces 
plant growth and root system 
development. Therefore, agricul- 
ture students must have a basic 
understanding of soil compaction 
principles in order lo recogni/c, 
avoid, and correct any soil com- 
paction problems they may 
encounter. 



Determining the Effect of 
Soil Connpaction on Piant 
Growth and Developnnent 



Student Objective 

■ To determine the effect of soil compaction on plant growth and root 
system development. 



ERIC 



Vocabulary 

soil structure 
soil conservation 
compaction 
germination 
soil aggregate 



soil pj'rtiv.Ics 
erosion 

mineral matter 
nuU-ient 
plow layer 



texture 
soil tilth 
organic matter 
nutrient uptake 



Materials Required 

1. Four one-gallon meUil containers (available from school food service) 

2. Drill or tool for making holes in bouom of each metal conuiiner 

3. Fine-textured soil 

4. Hydraulic press 

5. Packing disks 

6. Common field crop seeds (e.g., com or soybeans) 

7. Measuring container 

8. Access to greenhouse or similar facility providing proper growing 
condiuons (c.g.» correct lights humidity* and temperature) 



Instructional Strategies 
and Procedures 

■ Overview: Place equal amounts of soil in metal containers having g(xxl 
drainage. Using a hydraulic press, compact the soil in eiich conuiincr to 
varying degrees (except the control - no compaction). Place seeds in each 
container and cover wiih kx)sc soil. Water all the conuiiners on a regular 
basis with equal amounts of water. As pUuiLs grow* thin them according to 
conuiiner si/c. Afu^T four to six weeks, remove plants and note their growili 
im\ ixx)t system development. Record your observations. Discass the effects 
of soil compaction on plant growth and root system development. 



G 
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Instructional Strategies 
and Procedures 



(continued) 



3. 



4. 



5. 



Drill or punch im cquiU number of holas in the bottom of cacfi one- 
gallon metal container to provide adequate drainage. 
Place equ'-l amounts of rinc-tcxtured soil in each container. 
Using a hydraulic press and packing disks, viiry the amount ol soil 
compaction in each container (sec F^'igure 1). For example: 

• Container 1 - no compaction (control) 

• Container 2 - a designated amount of coiTipaction 

• Container 3 - twice the designated amount of compaction 

• Container 4 - tlircc times the designated amount of compaction 
Place seals (of same type) on top of soil in each container. Cover 
them with enough loose soil to meet the desiral planting depth (sec 
Figure 2). 

Place the containers in a l(x:ation favorable for plant growth. 

6. As ttie plants grow during the next four to six weeks, thin them 
according to the size of the contiiiners. 

7. Regularly water all the metal containers with equal amounts of 
water. 

6. At the end of four to six weeks gently remove the plants from the 
containers. Carefully wash the soil from the roots. Compare plant 
growth and root system development Note your observations on 
page 8-3. 

■ Results: The plants grown in the control container are the largest and 
have the most developal ro()t systems. However, tlie pliints in container 
2 ivcc smaller and have less developed root systems. In turn, the plants 
in container 3 are even less developed. Finally, the plants in container 4 
are the smallest and have the least developed root systems. This shows 
that as soil compaction increases, plant growth and root system 
development decrease. 

Key Questions 

1. How is soil structure altered by compaction? 

2. How docs soil compaction restrict root system development? 

3. How docs soil compaction affect crop yield? 

Evaluation 

1 Ask students to comp^u^e results of demonstration. 



Bibliography 

Aldrich, S.R,, et. al. Modern Corn Production, 3rd edition. Champaign, 
IL: A & L Productions, Inc., 1986. 
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Figure 1. The soil m each container is 
compacted to varying degrees. ( 1 = no 
compaction; 4 = most compaction) 
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Figure 2. Place seeds on top of soil and j 
cover with loose sal. i 
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DATA RECORD AND OBSERVATION SHEET 



Name 



Date 



Period 



Determining the Effects of Soil Compaction 
on Plant Growtti and Development 



Objective 



Procedure 



I Observations and Results 



Conclusions 



Agricultural 
Subjects 

■ Plant Science and NuLrilion 



Activity Length 

■ Approximaicly four weeks 



Group Size 

■ This aciivily can be conducted 
with groups of 8 to 15 students. 



Science Principles 

■ Plant nutrition: A plant's 
ability to attain and maintain 
maximum growth and develop- 
ment is directly related lo the 
availability of essential elements. 

■ Symbiosis: Two organisms 
working together for mutual 
benefit 



Agricultural 
Application 

■ Plant nutrients arc necessary lo 
increase plant growth and produc- 
tion. Legume plants have llic 
unique ability to meet their own 
nitrogen requirements through the 
process of niu*ogen fixation. This 
nitrogen fixation occurs on the 
roots. It reduces the need and 
expense of api)lying commercial 
fertilizer to legume crops. There- 
fore, agriculture students need a 
basic understanding of this 
nitrogen-fixation prwcss in order lo 
economically raise healthy legume 
crops. 



DEMONSTRATION 

Agricultural Education Science Activity - No. PS-3 i 



Inoculating Legume 
Seeds to Promote 
Nodule Formation 



Student Objective 

■ To determine lhat legume inoculation promotes nodule Ibrmalion. 



Vocabulary 



nodule inoculation unifoliate 

bacteria embryo trifoliate 

nitrogen fixation seed coat radicle 

symbiosis leaf epicoiyl 

germination cotyledon stem 

hypocotyl legume stem tip 

primary root secondary root 



Materials Required 

1. Viable soybean seeds 

2. Sterile soil material or soil free of soybean bacteria 

3. Two 12-ounce styrofoiun cups 

4. One V x 8" x 12" aliutiinum foil tray 

5. Soybean inoculant 

6. Water 

7. Labels and pen 

8. Access to good growing conditions (e.g.» proper light, humidity, and 
temperatures between ^O"" and 86''R) 

9. Paper and pen for recording results 



Instructional Strategies 
and Procedures 

■ Overview: Fill several styrolbani cups with sterile soil material. Divide 
llie soylxjan seeds into two equal groups. IncKulate one group of seeds. Plant 
both groups of seeds in separate cups and lalx^l each cup. After the seeds 
germinate, place the cups in sunlight. Fourteen days after emergence, 
examine plant roots for riodules. Record observations and discuss results. 
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Iristructiona! Strategies 
and Procedures 

(continued) 

1 . Punch five or six drainage holes in the hotioms of uvo siyrofoan) 
rups. Number e;\ch cup (1 and 2) and fill wilh sterile sc:il maieruil ic 
within one inch of rim. 

2. Now, divide seeds into two equal gmups (groups 1 and 2). Discuss 
the seed pans (sec Figure 1). 

3. Inoculate the sect's in group 1. (Follow the directions on the 
inoculant package.) Do not inoculate Ihc ^ccds in Jjroup 2. 

4. Next, plant the inoculated seeds in cup 1 ai.d the nonino^ ulaicd sce^Js 
in cup 2. Plant all seeds 1 1/2 inciios deep in tiic prcpiired cups. 
(Lalxjl each cup indicating whether the sc-wls i\ro inoculated or not.) 

5. Water the soil in each cup. Ke^p the soil moist, but nor saturated. 
(Soylx^an seeds must be 50 percent rnoistui'c to gerrninate.) 

6. When the seeds ge;*niinate, place the cups in sunlight. (At tins point 
cups can be placed in i\n aluminum pan containing water. Capillary 
water movement will irrigate roots.) Discuss the pUmt paris shown in 
Figure 2. 

7. Fouilcen days after emergence gentJy ren^.ovc the sailings from Uie 
soil. Use water to carefully rinse the soil off i}?c roots. Examine the 
pkuiLs for nodules. If not handlul carefully, the nodules; can dislodge 
from the roots. 

■I Results: Seeds germinate in five to seven diiys. Fourteen days after 
emergence, nodules fonm on inoculated plants. The inoculated plants that 
ai'e permitted to continue growth produce nodules greater in size and 
number Uian those previously examined. 



Key Questions 

1. What is a legume'^ 

2. What fixes the nitrogen for tlie legume? 

3. What is a nodule's function? 

4. What is symbiosis? 

5. What precautions need to be taken when .seeds are in(x:ulated? 

6. What financi^al benefit^i result from legume sexxi inoculation.^ 



Evaluation 

■ Test knowledge of vocabulary words and seed/plant parts. 

■ Ask students to vi^vually evaluate nodule development on inoculated 
plants as compared to non*-incx:ulated planlii. 



Experiment submitted by Ray Griffith, Production Agriculture 
Ir^tructor, River View High School Warsow, OH 43844. 



ERLC 



OHIO AGRICUtTURAL EDUCATION 
CURRICULUM MATERiAlS SERVICE 

Rcxim 264 • 2120 Fyffc Road • Columbus • Ohio • 43210-1099 
n'clcphone: 614.292'4848) 

19W 



epiLol";! 

hyporrotyl — 
radlcio — 



SDed coal v 




cotylodons ; 



Figure 1. The r/irts of a 



itom tip 




cotyledons 
hypocotyl 



primary root 



secondary roots 



Figure 2, The parts of a soybcKJn seedling 
approxinrKitely of^ week after ennergence 
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DATA RECORD AND OBSERVATION SHEET 



Name Date 



inoculating Legume Seeds to 
Pronnote Nodule Formation 



Objective 



Procedure 



Observations and Results 



Conclusions 



Agricultural 
Subjects 

■ Plain vScicncc 



Activity Length 

■ One to two weeks, depending 
on die pUuil being propagatal. 



Group Size 

■ This demonstration can be 
conducted with the entire class or 
small groups (2 to 3 students). 



Science Principle 

■ Reproduction - Living things 
are able to reproduce their own 
kind from a part of iheinselves. 



Agricultural 
Application 

■ There are many ways of 
propagating or reproducing 
plants. The most common methcxl 
of reproducing flower, vegetable, 
and cereal crops is by seeds, 
However, plants that are not 
produced directly from seeds, or 
do not produce seeds that will 
grow, need another method of 
exact reproduction. To produce 
exact duplicates of these plants, 
asexual reproduction is used. This 
is not a sexual process and no 
seeds iirc used in this method. 
Instead, the plant is propagated 
from one ol its parts, such as the 
leaf, stem, or root. 



DEMONSTRAIION 

Agricultural Education Science Activity - No. PS-4 



Propagating 
Plants 



Student Objective 

■ To propagate one or more plants ascxually using llie laif or stem. 



Vocabulary 

asexual propagate rcx)ting homione 

sexual lateral rooting media 

rooting perlilc rooLstock 



Materials Required 

1. Parent plant material from which II kc cuttings 
(cgn ivy geranium) 

2. Plastic bag for storing cuttings 

3. Labels and marking pen 

4. Propagating knife 

5. Propagating container (flat, pot, or similar item) 

6. Rooting medium (sphagnum moss, perlite, or sand) 
1, Rooting hormone 

8. Watering can 

9. Plastic cover or sprinkling system 
10. Paper and pen 



Instructional Strategies 
and Procedures 

■ Overview: Miike 10 to 12 pbit culLings. TraM hall of iJic cuiiinL's wufi 
a rooting hormone. Then place all of them in rooting medium. Develop 
conclusions and write them on the board. Discuss the eflccls ol using 
different ty|)es of cuttings (ranging from geraniums to semi-hard\v(HKis), 

Safety Note: Rooting hormones are acids! Wear rubber gloves when 
worthing Willi all chemic:ils. Do not allow llie chemicals to touch your skui. 
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Instructional Strategies 
and Procedures 



(continued) 



1. Fill the pmpagaling conuiincr wiili roolinj; medium. (Discuss why 
cuiiings arc not piaccci in water lor r(X)ting.) 

2. Collect ihc plant cuttings from ivy geraniums or similar llowcrs, 
Take each cutting from a young, healthy plant. Using a sharp 
propagating knife, make a basal cut below the n(xles (sec Figure 
1). (Discuss why a stuup knife is used.) Do not allow llie cuttings 
to dry out. 

3. Treat half of the cuttings with a rooting hormone. Rooting 
hormones iu-e either mixed with a Uilc and used as powders, or 
dissolvai in liquid iuid usexl as a wei dip. Liquid dips penetrate the 
pUint stems better than powders. However, when using these dips 
adjust their strength by diluting them with water. Follow the 
recommendations on the label. All rooting hormones should also 
use a fungicide such as Captan to keep the cuttings from rouing. 
{Captan also promotas faster rooting.) Chemicals most commonly 
used are indolcbutyric acid (IBA) and naphthalenciicetic acid 
(NAA). Rootone is a common rooting hormone. Many woody 
plants require some assistance with the rcx)ting hormone for the 
majority of the cuttings to root successfully. It should also speed 
llic development of geranium and similar plant roots by a couple 
of days. However, they would not need the honnonc to develop 
rooLs. 

4. Insert each cutting in r(x)ling medium (sec Figure 2). 

5. Water to settle the medium around the cutting. 

6. Label the rooting container. 

7. Control the atmosphere around the cuttings by covering with 
plastic or placing tliem under a mist system. 

8. After one week remo\'c one ircalcd pUuit and one untreated plain. 
Gently rinse each plant to remove the rtx)iing medium. 

y. Observe the r(X)t development and record on page 4. 

10, Repeat observalioti daily until m significant difference between 
the two plants i.s noted or until all llie plants have hxn checked. 



■ Results: The plants treated with rcxuing homione will pr(xhice rcxit 
sh(X)is much faster than the untrCiUed. Hvcniually tlierc will be no signifi- 
cant difference Ixitween the root shoots of the treated plants and the 
unu*eated plants. 
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Figure 1. Using a sf'Kup knife, make a basal 
cut bo!ow the ncxdes. 




Figure 2. insert the cuUiny in the rooting 
medium 



Key Questions 

1. What is asexual plant propa- 
gation? 

2. What tyjH: of plants are usually 
propagated asexual ly ? 

3. Why is it necess;ir>' to propa- 
gate [)lants asexually? 

4. Wliat pails of tlie plants can Ix; 
used for propagation? 
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Evaluation 



■ Ask ihe slucienis lo write a rejxm based on what ihey have observed. 



Experiment submitted by Robert Buxton. Agriculture Education 
Instructor. River View f^iQh School. Worsc:jw. Ohio 43844. 
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DATA RECORD AND OBSERVATION SHEET 



Propagating Plants 



Date...„^, _ Period 



Plants with Rooting Hormone 
(Note root devGlopment) 



Plants wittiout Rooting Hormone 
(Note root development) 



Agricultural 
Subject 

■ Plant Science 



Activity Length 

■ Three lo lour weeks 



Group Size 

; ■ This activity can be conducted 
with iin entire class or small groups 
(2 to 3 students). 



Science Principles 

■ Symbiotic rchuionship between 
bacteria and plants 

■ Inoculation 

■ Niu*ogen fixation of legumes 



Agricultural 
Application 

■ Nodules Ibrmcd on soybean 
roots in a symbiotic relationship 
with ihc bacteria Rhi/obiuni 
japonicum have the ability to lix 
atmospheric nitrogen into a torni 
the plant can use. This is an 
importxuit nitrogen source lor the 
soybean plant. Therefore, agri- 
culture students need a Inisic 
understanding ol the cMects ot 
rhi/obium japonicum and nitrogen 
lerlili/er on nodulation and plant 
growth. 



EXPERIMENT 

Agricultural Education Science Activity - No. PS-5 



Determining the Effects of 
Rhizobiunn Japonicunn and 
Nitrogen Fertilizer on 
Nodulation and Plant Growth 



student Objective 

■ To detcmiine the effa:ts of rhi/obium jafxjnicum and nitrogen lertilizer 
on n(xlulation and plant growth. 



Vocabulary 

vermiculite inoculation 

symbiotic relationship nodules 

legumes bacteria 

nitrogen fixation vigor 

rhi/obium japonicum nodes 



Materials Required : 

1. Four six- to eight-ounce cups | 

2. Growing medium (vemuculite) 

3. Sixteen soybean seeds (eigfit inoculated, eight not inoculated) ; 

4. Labels ; 

5. Fertilizer (e.g., Ilyponcx or Rapid Grow) 

6. Pajx^r and \)Ci\ lor rax)rding results 



Instructional Strategies 
and Procedures 

■ Overview: Plant 16 soybean seeds (S inoculalcd. S not imviilaicd) w) 
lour cui)s. As sc\\llings grow, note jirowih dill'en.Mices. Ai end ol lour weeks 
examine seedling r(X)Ls lor nmlules. Record data and discuss growth results. 
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Instructional Strategies 
and Procedures 

(continued) 

1. Piinch small drainage holes in eiich cup. 

2. Fill each cup with venniculilc to williin one inch of the rim. 

3. Plant four seeds one inch deep in each cup (sec Figure 1). Ul)cl each 
cup with the type of u*catnicni and the date. For cxmnple; 

• Cup #1 - in(x;ulaied. no fertilizer (icKlay\s date) 

• Clip #2 - inoculated, fenili/er (tcxiay's date) 

• Cup #3 - not inoculated, no fertilizer (t(Hlay\s date) 

• Cup #4 - not inoculated, fertilizer (t(xlay*s dale) 

4. Place cups in trays. (Instructor should water and fertilize as nee<led. 
Use Hyponex or Rnpid Grow. Apply fertilizer on ton of soil; use 
recommended amount lor plant environment.) 

5. Allow time for all plants to reach 6 to 12 inches in height (3 to 4 
weeks). 

6. At the end of tliis time, note plant growth iml raord on page 4, ^'ext, 
gently remove scallings from cups. Carefully rinse rcx)Us with water 
until soil is removal. Count the number of n(xiules i)cr plant for each 
treatment. 

7. Record data on page 4 (e.g., plant height, number of ncxies, number 
of nodules, and similar items). Also note plant vigor and the 
proce.s.ses that tcx)k place (refer to LScience Principles on page 1). 

■ Results: See how closely your results resemble these estimated 
results. 



12 3 4 

Inoculunt, IncKulunt + | Control i Fertilizer, 
No Fertilizer ! Fertilizer , (no trcatnicnl) \ No In(Kulant 



Plant hcighl ; 

# nodulcs/planl I 

Plant vigor j 

a nodes/plant 



T \T I 11" i 12" 

16 i 2 I 0 I 0 

yellow I very green ; yellow very green 

arul weiik | tind healthy ! and weak and healihy 

5 7 ; 5 8 



Null Hypotheses 

■ In(K*ulaied .seeds pnxluce nodules. 

■ Supplemental nitrogen j)roduces heallhier l(H)king j)lanis. 




Inocuk^nt. 
no fertilizer 



I Inoculant 
2 / plus fertlllzor 

^. ^ 



Control - 

3 / fio inoculant. 
no fertilizer 




. 1 rerti!l/or. 
4 / no inoculant 



Figure 1. latent seeds in each each cup as 
5l'X)wn here. 



Key Questions 

K What did iJie rhi/ol)iuni jaiH)nicuni do lor Uie plants diat did not have 
nitrogen? 

2. Which nitrogen source lasls longer? 

3. How can we tell which nixlules arc actually working? 

4. How are sc^uls incKiilalcd? ^ . i 
3. Wlial is nilrog n fixation? - ^ 

Q (). Which nilrogc). source act.s more quickly? 

ERIC 



Bibliography 

1. How a Soybean Plant Develops, Iowa State University of Science and 
Technology Cooperative Extension Service, Special Report No. 53. 
Ames, lA: 982 

Publication and Distribution, 112 Printing and Publishing Bldg., Iowa 
Suae U^'iversity, Ames, lA 50011 (Send orders here.) 

2. Dr. William Wiel>old, AssisUint Professor. Agronomy Dcpaitment, The 
Ohio Slate University, Columbus, OH. (personal interview, 1989) 



Evaluation 

■ Have students prcp:ire a one- to three-page report of the experiment in 
scientific form. This report should include a data Uible, discussion, and 
conclusion. 
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DATA RECORD AND OBSERVATION SHEET 



Determining the Effects of Rhizobium Japonicum and 
Nitrogen Fertilizer on Nodubtion and Plant Growtti 



Name Dote Period 



Treatment 


Date 


Plant 
Height 


Number of Nodules 
per Plant 


Plant 
Vigor 


Nunnber of 
Nodes per Plant 


Proce$s(es) 
Taking Place 


1 

Inoculant. 
No Fertilizer 














2 

Inoculont 
+ Fertilizer 














3 

Control 

(no trontmor^t) 














4 

Fertili;^or, 
No Inoculant 
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EXPERIMENT 



Agricultural 
Subject 

■ Plant Science 



Activity Length 

■ Five weeks. Weekly obser- 
vations are required alter seedling 
emergence. 



Group Size 

■ This activity can be conducted 
with an entire class or small groups 
(2 to 3 studcnLs). 



Science Principles 

■ Plant growth and development 
from germination through flower- 
ing and seed development, 

■ PUuit regeneration: rcgrowih of 
plant pans after dimiage to original 
pans, 



Agricultural 
Application 

■ Corn and soybean crops 
plantal eiu*ly may be subjected to 
late spring fro.st. When the frost is 
severe enough to damage foliage, 
die farmer must decide to replant 
or wait for regrowih. The point of 
growth can aid in this decision, 
Therefore, agriculture students 
need a basic understanding of 
j)ossible frost and hail damage in 
order to make educated decisions 
about recovering danuigeii crops. 



Agricultural Eaucation Science Activity - No, PS-6 



Determining Effects of 
Frost/Hail Damage on 
Plant Growth 



Student Objectives 

■ To assess plant damage caused by frost or haiL 

■ To determine the importance of growth point positions as related to 
future plant growth. 



Vocabulary 

venniculite 
axillary buds 
growth point 
germination 



foliage 
vigor 

frost damage 



cotyledons 
emergence 
regeneration 



Materials Required 

1, Two planting flats 

2, Growing medium (vermiculite) for each flat 

3, Twelve com seeds 

4, Sixteen soybean seeds 

5, Scissors or ra/or 

6, Labels 

7, Fertilizer 

• starter fertilizer lor gemiination (6-12-12) 

• additional fertilizer thoughout remainder of growing {x^ricxl: 
6 ounces of licjuid Icrtili/er OR llyfxjnex or Rapid Grow 

8, Paixir and pen for recording results 



Instructional Strategies 
and Procedures 

■ Overview: Plant three hills of com (designate one as a control) mid four 
hills of soybeans (desigtuite one as a conu-ol), After growth has begun, 
simulate trost damage by cutting jilants as instructed, Make periodic 
observalioits. After five weeks conijiare i)lant growth to conirol grou()s. 
Discuss results. 
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instructional Strategies 
and Pfocedures 

(continued) 

1. Fill each flat with vcrmiculitc to within one inch of iJie rim, 

2. Plant three hills of com and four hills of soybeans (four seeds in 
each hill). Plant seeds 1 1/2 inches deep. 

3. Label each flat with its number, type of seeds planted, and planting 
date. (Instructor should water and fertilize plants over the next five 
weeks. Use a starter fertilizer for germination. Then use a liquid 
fertilizer throughout the remainder of the growing period.) 

4. When all plants have emerged from the vermiculite, simulate frost 
damage by removing plant parts with a ra/.or or scissors. Use the 
following guidelines when cutting plants: 

CORN 

Hill 1 - At the beginning of the fourth week, cut off the plants from 

below the oldest (lowest) leaf (see Figure 1). 

Hill 2 - At the beginning of the fifth wcek» cut off the plants from 

ground level (see Figure 2). 

Hill 3 - No cutting (conU*ol group) 

SOYBEANS 

Hill 4 - At the beginning of the third week» cut off only the 
cotyledons (see Figure 3). 

Hill 5 - At the beginning of the fourth week, cut below the 
cotyledons. Remove all of the plant parts above these culs» 
including the cotyledons (see Figure 4). 

Hill 6 - At the beginning of the fifth week» cut above the 
cotyledons. Remove all of the plant parts above these cuts except 
the cotyledons (see Figure 5). 
Hill 7 - No cutting (conU^ol group) 

5. Record procedures and observatioas on pages 4 tind 5. Include plant 
height^ number of nodes/leaves, growth location^ and similar items 
Also indicate plant vigor and the growth processes that took place 
(refer to Science Principles on page 1). Compare this data to the 
conU*ol groups. 



Results: 



Pr()cedu»'e 

4lJi week - Cut off the plants 
from below ilie oldest leaf. 



5lJi week - Cut off tlic plants 
from ground level. 

Conu-ol - no culling 



CORN 



Results 

The plants grow wilh vigor, but 
not as well as before damage 
occurred. 

Tfie pUints die. 



Plants grow very vigorously. 
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Figure 1. Hill 1: cut off the plants below 
\he oldcist leaf. 




Figure 7. HI' 2: cut off the plants at 
ground level 




Figure 3. Mil! 4: cut off onV the cotylcdor^. 



I 
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Figure 4. Hill 5: cut off the plants from 
below the cotyledons. 



I 





Figure 5. Hill 6: Cut off ttie plants from 
above the cotyledons; leave the 
cotyledons 



Null Hypothesis 

■ A soybean or com plant will 
survive if tlie growth point is not 
damaged or if it has axillary buds. 



Evaluation 

■ Have students piepare a one- to 
two-page report and a summary of 
their findings. They should include 
economic lactors such as planting 
cost, sect!, sul'licicnl growing season 
remaining, and similar iicms. 



Results: (continued) 



SOYBEANS 



Procedure 

3rd week - Cut off only the 
cotyledons. 

4th week - Cut off plants from 
below C('^y'!dons. 

5th week - Cut off plants from 
above cotyledons. 

Control - no culling 



Key Questions 



Results 



Plants continue to grow, but at a 
lesser rate. 

Plants die. 



The plants grow 2 stems from 
the axillary buds. Plants grow 
vigorously. (Regeneration occurs.) 

Plants grow very rapidly. 



1. At the fifth week the soybeans were cut above the cotyledons. Where 
did growth occur? 

2. Where is the soybean plant's growth point at the fourth week? 

3. The soybean plant will not regraw after frost damage at the fourth week. 
Why not? 

4. Where is the com plant's growth point at the fifth week? 

5. What other factors may prevent a soybean plant from emerging? 
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DATA RECORD AND OBSERVATION SHEET 



Determining Effects of Frost/Hail Damage on Plant Growtti 



Name ^— Date Period 



Hill Number 
and Crop 


n r*A^ 1 ki ki 1 ^\t^ jii^ \i/r*r*i/ 

BEGINNING Or 4th WEEK 
List Procedures and Note Observations 


List Procedures and Note Observations 


FND OF Sth WEEK 
Note Observations 


Hill 1 
Corn 








Hill 2 
Corn 








H;i'3 

Corn 
(cor^trol) 

-2^ 









Name 



Hill Number 
and Crop 


BEGINNING OF 3rd WEEK 

List Procedures and Note Observations 


BEGINNING OF 4th WEEK 

List Procedures and Note Observations 


Beginning of 5th WEEK 
List Procedures and Note Observations 


END OF 5TH WEEK 

Note Observations 


H:li /I 
Soybeans 










\\\\\ b 

Soybeans 










M:i. 6 

Soybeans 










Soybofrvs 
(coniroO 












